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Macrophage and dendritic cell (DC) progenitors (MDPs) produce macrophages and DCs but not other
hematopoietic lineages. In this issue of Immunity, Sathe et al. (2014) show that isolated MDP populations
hardly contain such bipotent progenitors at clonal levels, arguing against the existence of MDPs.Macrophages and dendritic cells (DCs)
scavenge dying cells and pathogens by
phagocytosis and endocytosis, thereby
contributing to tissue homeostasis.
Because these cells share similar cell sur-
face makers and functions, their develop-
mental origin and relationship have been
subject to debate. Recent studies indi-
cated that some macrophages in adult
tissues such as brain, liver, and epidermis
are derived from embryonic precursors
before birth, whereas other macrophages
in the intestine, heart, lung, and dermis
are of monocyte origin. Under inflamma-
tory conditions, monocytes are converted
to DCs (monocyte-derived DCs) and tis-
sue-resident macrophages. Monocytes
and DCs are derived from hematopoietic
stem cells (HSCs) in the bone marrow
(BM) through intermediate progenitors.
By sequentially losing the breadth of their
differentiation potential, multipotent pro-
genitors eventually become progenitors
committed to specific hematopoietic line-
ages. Macrophage and DC progenitors
(MDPs), which give rise to monocytes-macrophages and DCs but not to other
hematopoietic lineages, were proposed
to exist in mouse BM (Fogg et al., 2006).
MDPs are distinguished from granulocyte
macrophage progenitors (GMPs) by their
expression of the chemokine receptor
CX3CR1 (Fogg et al., 2006). In addition,
common DC progenitors (CDPs) are
strictly committed to resident conven-
tional DCs (cDCs) and plasmacytoid DCs
(pDCs) (Naik et al., 2007; Onai et al.,
2007, 2013). Based on their develop-
mental potential and lineage commit-
ment, GMPs were thought to develop
into MDPs by losing their granulocyte
potential and further into CDPs and
common monocyte progenitors (cMoPs)
(Hettinger et al., 2013). Supporting the
MDP-to-CDP axis, MDPs injected into
BM develop into c-kitint/lo CDP-like cells,
although the developmental potential of
these CDP-like cells was not evaluated
(Liu et al., 2009). Therefore, MDPs have
been generally accepted as the branch
point of DC versus monocyte-macro-
phage development (Figure 1).In this issue of Immunity, Sathe et al.
(2014) describe the developmental rela-
tionship of resident DCs and macro-
phages. Lymphoid-tissue-resident DCs
consist of cDCs and pDCs, and in mice
the cDCs are further divided into CD8a+
Clec9A+ and CD8aClec9A subpopula-
tions. Sathe et al. (2014) isolated MDPs
based on the original definition, linc-kithi
sca-1CD16/32hiCX3CR1
+ (Fogg et al.,
2006) and linM-CSFR+ (Waskow et al.,
2008). Adoptive transfer experiments
confirmed that the MDPs gave rise to
monocytes-macrophages, the resident
cDC subpopulations CD8a+Clec9A+ and
CD8aClec9A, and pDCs in the spleen.
However, in contrast to previous findings
(Fogg et al., 2006; Hettinger et al., 2013),
these MDPs also generated significant
amounts of Ly6G+ granulocytes, which
was confirmed by colony-forming assays.
Of the colonies produced from individual
MDPs, 20%–40% were granulocyte col-
onies, indicating that the MDPs contained
substantial amounts of granulocyte-pro-
ducing clones. Why MDPs showed littlenity 41, July 17, 2014 ª2014 Elsevier Inc. 5
MP
Adult
HSC
MPP
LMPP
Granulocyte
ledomevitanretlAledomCurrent
Adult
HSC
MPP
LMPP
MP
MDP
cMoP
Ly6chi Mo
Monocyte-derived
macrophage
Ly6clo Mo
CDP
cDC pDC
pre-DC
cMoP
Ly6chi Mo
Monocyte-derived
macrophage
Ly6clo Mo
CDP
cDC pDC
pre-DC
?
M-CSF-dependent Flt3-ligand dependent M-CSF-dependent Flt3-ligand-dependent
Figure 1. Alternative Road Map for Monocyte, Macrophage, and DC Development
In a previous model, macrophage and DC progenitors (MDPs) give rise to common monocyte progenitors
(cMoPs) and common DC progenitors (CDPs), and help maintain monocytes, monocyte-derived macro-
phages, and resident cDCs and pDCs in the steady state. Sathe et al., (2014) propose an alternative
model, in which MDPs are oligopotent rather than bipotent, and thus included in the myeloid progenitors
(MPs). In addition, lymphoid-primed multipotent progenitors (LMPPs) might directly give rise to CDPs
(Naik et al., 2013; Onai et al., 2013).
Immunity
Previewsgranulocyte potential in previous studies
remains unclear. The MDPs used by
Sathe et al. (2014) contained a few
GMPs (2.0%–11.1%), but the propor-
tion of granulocyte progeny was too large
to be explained by the contaminating
GMPs. In the initial study, Fogg et al.
(2006) gated for Gr1+CX3CR1
+ cells to
detect granulocyte progeny from adop-
tively transferred MDPs. They mostly de-
tected coinjected rescue BM cell-derived
granulocytes and concluded that the
MDP-derived granulocytes were minimal.
Another group did not detect any granulo-
cyte potential of MDPs in vivo (Hettinger
et al., 2013).
Fms-like tyrosine kinase receptor-3
(Flt3) has a nonredundant role in the
steady-state differentiation and mainte-
nance of resident cDCs and pDCs in vivo,
and Flt3- or Flt3-ligand (FL)-deficient mice
are poor producers of cDCs and pDCs
(Waskow et al., 2008). Both MDPs and
CDPs express Flt3 on their cell surface.
The number of MDPs and CDPs in Flt3/
and Flt3l/mice was examined by Sathe
et al. (2014) and by other groups. The
number of MDPs, defined as linM-
CSFR+ cells, was unaltered in adult
Flt3/ mice (Waskow et al., 2008) and6 Immunity 41, July 17, 2014 ª2014 Elsevierreduced by half in Flt3l/ mice (Kingston
et al., 2009; Sathe et al., 2014). The num-
ber of CDPs, key progenitors restricted to
resident DC development, was reduced
by half in Flt3l/mice in a previous study
(Kingston et al., 2009) and more severely
(by almost 90%) in Sathe et al. (2014).
The discrepancy might be because the
former study definedCDPs as linc-kitint/lo
Flt3+M-CSFR+ cells and the latter as
linc-kitint/loFlt3+IL7Ra cells, which con-
tained both M-CSFR+ and M-CSFR
CDPs (Onai et al., 2007, 2013). These
findings collectively showed that FL is
critical for CDP production in the BM
and for cDC and pDC maintenance in
the periphery.
To determine whether the MDPs them-
selves included oligopotent clones with
granulocyte potential or whether the iso-
lated cells were a heterogeneous mixture
of genuine MDPs and progenitors with
granulocyte potential, Sathe et al. (2014)
performed limiting dilution analyses. They
cultured MDPs, defined as linc-kithisca-
1CX3CR1
+, with FL and M-CSF and
found that the MDPs contained many
macrophage progenitors but very few DC
progenitors with resident cDC and pDC
potential. In the initial study, Fogg et al.Inc.(2006) found that MDPs could produce
both macrophages and DCs at clonal
levels when cultured with GM-CSF-based
medium, GM-CSF alone, or GM-CSF and
FL. However, because GM-CSF induces
DCs from monocytes and deflects DC
development away from resident cDCs
and pDCs, that study may have estimated
the development of monocyte-derived
DCs rather than that of resident DCs from
MDPs. Sathe et al. (2014) further per-
formed clonal assays with single MDPs
to determine whether they included bipo-
tent macrophage and DC clones. They
plated single cells into individual wells
containing BM filler cells, FL, and M-CSF.
Of 61 clones derived from single MDPs,
58 produced only macrophages, 1 pro-
duced DCs alone, and the remaining 2
produced macrophages and DCs. Thus,
the frequency of bipotent MDP clones
was about 3.2%, indicating that the
MDPs included very few bipotent clones
that produced macrophages and resident
cDCs and pDCs.
Because the linM-CSFR+CD16/32hi
MDPs contained very few bipotent
clones, Sathe et al. (2014) searched for
bipotent progenitors in other BM frac-
tions, i.e., the linM-CSFR+CD16/32int
and linM-CSFR+CD16/32lo fractions.
Clonal assays revealed that only the
linM-CSFR+CD16/32lo fraction con-
tained clones with both macrophage and
DC potential, and further analysis re-
vealed that the potential was confined to
the c-kithisca-1Flt3+ subfraction. How-
ever, when this subfraction was subjected
to in vivo adoptive transfer, it gave rise to
granulocytes in addition to macrophages
and DC subsets. Based on a series of
comprehensive surveys, Sathe et al.
(2014) concluded that the linM-CSFR+
fraction does not contain progenitors
that are developmentally restricted to pro-
ducing macrophages and resident DCs.
Based on these findings, one might
propose an alternative road map for
monocyte-macrophage and DC develop-
ment, in which the MDP is not an inter-
mediate progenitor for DC development
in the steady-state (Figure 1), in contrast
to the currently accepted developmental
relationship. The DC-restricted progeni-
tor, CDP, and monocyte-restricted pro-
genitor, cMoP, still clearly give rise to resi-
dent DCs and monocytes-macrophages,
respectively. Although the origins of
these subsets and whether there is a
Immunity
Previewsdevelopmental branch point between
CDP versus cMoP remain under debate,
a branch may occur at the lymphoid-
primed multipotent progenitor (LMPP)
stage (Naik et al., 2013; Onai et al., 2013).
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In this issue of Immunity, Graef et al. (2014) demonstrate self-renewal and multipotency of a single CD62L+
memory T cell across serial adoptive transfers and infection-driven re-expansions, providing evidence of
true stemness within the T cell memory compartment.Long-term maintenance of tissue homeo-
stasis relies on somatic stem cells, which
ensure efficient replacement of short-
lived, specialized cells while maintaining
themselves through a process of self-
renewal (Simons andClevers, 2011). Anal-
ogous to other organ systems, life-long
immunological memory is thought to
depend on stem-cell-like memory cells,
because the ability of hematopoietic
stem cells (HSCs) to provide for antigen-
specific immunity is constrained by sto-
chastic recombination of the T cell recep-
torand thymic involution inearlyadulthood
(Fearonetal., 2001).Over thepastdecade,
it has become increasingly recognized
thatmemoryTcells displaycoremolecular
signatures and functional attributes char-
acteristic of stem cells (Gattinoni et al.,
2012). For instance, memory T cells share
apartially conserved transcriptional profile
with HSCs and, similar to stem cells, they
canundergo asymmetric division andacti-
vate telomerase to maintain telomere
length and replicative potential (Gattinoni
et al., 2012). Furthermore, several
signaling pathways regulating stem cellself-renewal have been found to be active
in T cells to promote memory and limit
effector T cell differentiation (Gattinoni
et al., 2012). However, self-renewal and
multipotency, the defining qualities of
stem cells, have only been inferred by
reconstitution studies analyzing the devel-
opmental potential of T cell populations
rather than studying individual cells, which
is essential to determining the true stem-
ness of a given cell type. These popula-
tion-based studies have revealed a hierar-
chical organization of the T cell memory
compartment. T memory stem cells
(Tscm), a subset of cells displaying a
naive-like phenotype (CD44–CD62L+ in
mice; CD45RA+CD62L+ in human and
nonhuman primates) together with the
expression of the memory markers inter-
leukin-2 receptor (IL-2R) b and the chemo-
kineC-X-Cmotif receptor 3 (CXCR3), have
been shown to be the most undifferenti-
ated memory subset (Gattinoni et al.,
2012). In this hierarchical structure,
CD62L+ central memory (Tcm) cells are
located at an intermediate position be-
tween Tscm cells and CD62L– effectormemory (Tem) cells, which are committed
progenitor cells prone to effector T (Teff)
cell differentiation (Gattinoni et al., 2012).
Although these studies focusing on popu-
lation analyses helped shape our current
understanding of T cell differentiation,
they cannot unequivocally establish the
developmental potential of individual cells.
In this issue of Immunity, Graef et al.
(2014) evaluate the stemness of the CD8+
memory T cell compartment bymeasuring
self-renewal and multipotency of a single
Tcm cell throughout a series of in vivo clo-
nogenic assays. It was an extraordinary
undertaking, performing a serial trigenera-
tional single-cell transfer, an experiment
that was never attempted before for any
type of mammalian stem cells. The au-
thors found that after pathogen stimula-
tion, a single Tcm cell could propagate
itself while giving rise to a diverse progeny
comprising Tem and Teff cells. Remark-
ably, progeny size, diversity, and long-
term maintenance were highly reproduc-
ible across serial transfers, demonstrating
stem cell behavior of individual Tcm cells
(Figure 1). In keeping with the stem cellnity 41, July 17, 2014 ª2014 Elsevier Inc. 7
